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ABSTRACT 

The  pnrpoaa  of  tha  work  was  to  develop 
penetration/ricochet  data  for  two  projectilet 
launched  againat  5,000  pel  concrete  targeta  and, 
in  addition,  to  aeaaure  the  axial  atreaa  on  the 
note  of  a projectile  dnring  concrete  penetra- 
tion. The  prograa  enployed  projectilea  3.35 
inchea  in  diaaeter  and  approximately  27  inchea 
long  with  two  different  note  ahapea.  Three 
different  typea  of  targeta  were  need.  Targeta 
conaiated  of  concrete  alaba,  8-ft  aqnara  and 
with  thicknaaaaa  of  4 inohaa,  12  inchaa  and  30 
inchea.  A ricochet  relation  waa  developed  froa 
the  data  and  the  reanlta  evened  to  correlate 
well  with  aoae  previona  work.  One  teat  waa 
conducted  in  which  an  on-board  ahock  reaiatant 
recorder  waa  uaed  to  collect  a tiae  hiatory  of 
the  output  of  a preaaure  tranaducer  inatalled  in 
the  noae  of  a projectile.  The  reaulta  of  the 
axperiaent  were  compared  with  a hydrodynaaic 
code  calculation  and  ahowed  reaeonable  agreeaent 
for  early  tiaea. 


RICOCHET  TESTING 

PlQjttUlft 

The  two  typea  of  projectilea  need  in  the 
prograa  are  ahown  in  Figure  1.  Both  projectile 
typea  were  derived  froa  the  aaae  baaic  deaign 
and  had  identical  outaide  diaaetera  and  interior 
cavity  geoaetriea.  The  principal  differencea 
wara  in  the  noae  ahape  and  the  aft  baaeplug 
deaign.  The  Type  A projectile  had  a conical 
noae  ahape  and  had  a baaeplug  which  waa  acrewed 
entirely  into  the  aft  end  of  the  projectile 
until  it  waa  fluah  with  the  aft  aurface.  The 
Type  B projectile  had  a tangent  ogive  note  and 
included  a baaeplug  which  had  an  internal  fitted 
threaded  aection  and  an  aft  cloaure  equal  to  the 
outaide  body  diaaeter  of  the  projectile.  The 
Type  A projectile  waa  approximately  27  inchea 
long  while  the  Type  B waa  about  26.5  inchea  long 
with  the  baaeplug  inatalled.  Both  projectilea 
had  blunt  cylindrical  noae  tipa  1 inch  in  diaae- 
ter and  were  filled  with  a aaterial  that  had  a 
denaity  of  about  0.0SS  pounda  per  cubic  inch 
(1.6  gaa/cc).  The  projectilea  were  fabricated 
of  E4340  ateel,  heat  treated  to  a Rockwell  C 
Scale  hardneaa  of  42  to  46.  Total  loaded  weight 
waa  about  36  pounda  for  each  projectile. 


1" 


Figure  1.  Projectile  Geometries 
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Taraets 

All  targets  itri  constructed  of  concrete 
mini  t mix  design  Intended  to  yield  t coapres- 
•ive  itren|th  of  5,000  pounds  per  square  inch 
(psi)  after  28  days.  The  liaestone  a||re|ate 
was  specified  to  have  a ainiana  coapreasive 
strength  of  17,000  psi  and  a aaiiauj  noainal 
sixe  of  3/4  inch.  The  targets  were  square 
slabs,  8 feet  on  a tide  with  thicknesses  of  4 
inches,  12  inches  and  30  inches.  All  targets 
were  cast  at  aonolithic  pours  without  internal 
interfaces.  At  the  tiae  of  pouring,  tensile 
beaa  and  coaprettive  test  tpeciaens  were  taken 
froa  the  concrete  of  each  target.  The  coapres- 
sive  strength  staples  were  tested  two  at  a tiae, 
at  intervals  of  7 days,  28  days,  and  90  days 
after  ponring  with  all  of  the  reaaining  saaplet 
tested  during  the  week  that  the  targeta  were 
used.  Figure  2 is  a tiae  history  plot  of  the 
average  coaprettive  strengths  for  the  12-inch 
thick  target.  The  others  were  siailar. 


Figure  2.  12-Inch  Thick  Target  Strength 


Note  that  reinforcing  rods  were  not  uaed  in 
the  central  area  of  the  target.  Figure  3 shows 
the  geoaetry  of  a 12-inch  thick  target.  The 
steel  reinf orceaent  was  purposely  oaitted  to 
insure  that  the  ricochet  data  would  be  represen- 
tative of  the  concrete  and  not  be  influenced  by 
the  steel  reinforceaent  especially  at  the  lower 
iapact  velocitiea.  The  lateral  aixe  of  the 
targets,  8 feet  on  a aide,  was  choaen  to  be  as 
large  as  possible  based  upon  the  lift  capability 
of  a crane  used  to  position  the  largest  target 
which  was  30  inches  thick  and  weighed  about  11 
tons.  In  all  testa,  the  distance  froa  the 
centrally  located  iapact  point  to  the  nearest 
edge  was  noainally  48  inches  or  about  14 .3  cali- 
bers baaed  upon  a projectile  diaaeter  of  3.33 
inches. 

The  final  overall  target  configuration 
varied  to  the  extent  that  the  4-inch  and  12-inch 
thick  targets  were  tested  with  the  back  side  of 
each  resting  on  a sandy  clay  soil  surface,  while 
the  30-inch  thick  targets  were  tested  vertically 
with  the  back  sides  being  free  surfaces  exposed 
to  the  air.  The  reason  for  the  difference  was 


that  the  two  thinner  targets  were  intended  to 
represent  poured  slabs  resting  on  the  ground, 
while  the  30-inch  target  was  a better  repre- 
sentative of  a seal-infinite  concrete  target. 
Thus,  all  testa  involving  the  4-inch  and  12-inch 
targets  were  actually  concrete-soil  coabina- 
tions.  The  soil  beneath  each  target  vat  lightly 
coapacted  by  repeatedly  driving  a vehicle  over 
the  surface  after  it  had  been  built  up  to  the 
proper  angle. 


TfM  Arr»M4P4Pt 

The  projectiles  were  launched  froa  a 153aa 
gun  fitted  with  an  internal  barrel  sleeve  which 
reduced  the  bore  to  about  83aa  (3.35  inches). 
The  gun  was  aounted  on  the  rear  of  a 5-ton  truck 
chassis  and  sat  capable  of  being  aoved  in  eleva- 
tion only.  Aziauth  changes  were  aade  by  turning 
the  truck.  The  alignaent  of  the  projectile 
trajectory  to  the  target  noraal  was  aade  using  a 
surveyor's  transit  and  a steel  aeatnring  tape. 
The  aeasureaent  scheae  was  capable  of  deter- 
aining  the  obliquity  angle  to  lets  than  0.2 
degree.  While  the  target  position  relative  to 
the  1 ine-of- sight  trajectory  could  be  aeasured 
to  this  accuracy,  the  targets  could  only  be 
located  within  2 degrees  of  a desired  angle 
because  of  the  difficulty  associated  with  posi- 
tioning the  targets  and/or  the  gun  any  aore 
precisely. 

Two  iapact  velocities  were  of  interest,  700 
feet  per  second  and  1100  feet  per  second.  Pro- 
jectile velocity  was  changed  by  varying  the 
powder  charge  in  the  gun.  The  velocity  was 
aeasured  using  two  high  speed  fraaing  caaerai 
along  with  chronograph  aeasnreaents  of  tiae 
between  screens  placed  in  the  projectile's 
flight  path  to  the  target. 

The  teat  approach  was  based  upon  the  up  and 
down  aethod  developed  by  Dixon  in  Reference  1. 
Obtaining  the  critical  ricochet  angle  at  each 
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t • a t condition  required  at  leaet  one  rioochet 
end  one  penetration  within  10  de|reea  of  each 
other.  Then,  if  the  ontcoae  wee  a ricochet,  the 
angle  between  the  target  normal  end  the  projec- 
tile trajectory  wee  decreaeed  by  J degrees  for 
the  neat  teat  at  that  target/velocity  conbl na- 
tion. Conversely,  if  the  ontcoae  of  the  pre- 
vious teat  was  a penetration,  the  angle  would  be 
increased  by  5 degrees.  This  procedure  was  used 
until  both  a ricochet  and  a penetration  event 
had  occurred  at  that  particular  combination. 
Figure  4 it  a echeaatic  view  of  the  overall  teat 
arrangeaent  for  the  slab  targets. 


Although  theta  teste  were  not  part  of  the  data 
base  uaed  to  develop  the  equations,  and  the 
projectile  geometries  were  considerably  differ- 
ent froa  those  used  in  toucher's  work,  the  cor- 
relation with  this  data  ahowt  good  agreeaent. 
The  equations,  at  currently  defined,  were  not 
applied  to  the  30-inch  target  data  since  none  of 
those  projectiles  penetrated  in  the  target  and 
either  ricocheted  or  rebounded.  The  30-inch 
data  fit  ie  the  dashed  line. 
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Figure  4.  Overall  Test  Arrangement 
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Results 

Tables  1 and  2 contain  a sunnary  of  the 
test  results  for  the  Type  A and  B projectiles, 
respectively.  It  aay  be  noted  that  for  the  4- 
inch  and  12-inch  thick  targets,  all  penetrations 
were  actually  perforetiona,  since  the  projectile 
passed  coapletely  through  the  target  and  was 
recovered  in  the  underlying  soil.  For  the  30- 
inch  thick  targets,  all  of  the  penetrations  were 
rebounds  and  none  of  the  projectiles  stucx  in 
the  target  or  passed  completely  through.  In 
aost  cases,  the  rebounded  projectiles  were  found 
lying  on  the  ground  in  front  of  the  target, 
within  23  feet  of  the  inpact  point. 

Figures  5 and  6 are  plots  of  the  teat  data 
for  the  Type  A and  B projectiles,  respectively. 
The  data  for  all  three  target  arraya  ia  plotted 
on  each  graph.  The  solid  points  indicate  a 
penetration  and  the  open  points  indicate  a rico- 
chet. More  scatter  is  evident  in  the  Type  A 
projectile  date  than  in  the  other.  These  pro- 
jectiles were  fired  first  and  soae  difficulty 
was  experienced  in  obtaining  the  desired  launch 
velocity  due  to  gas  blowby  in  the  gnn.  As  a 
result,  e nuaber  of  velocity  conditions  were 
repeated.  By  the  tine  testing  began  with  the 
Type  B projectiles,  these  probleas  had  been 
overcoae  and  launch  velocities  were  aore  pre- 
cise. 

After  the  testing  was  coapleted  and  during 
our  analysis  of  the  tost  data,  an  eapirioal 
correlation  developed  by  Koecker  (Reference  2) 
beoaae  available.  These  equations  were  used  to 
plot  the  solid  lines  in  Figures  3 and  6. 


The  correlation  developed  by  Boecker  ie 
still  under  development  and  will  not  be  pre- 
sented in  this  paper.  However,  soae  information 
can  be  stated.  The  critical  ricochet  angle  is 
deterainod  by  sunning  three  terns.  The  first 
tern  has  a relationship  which  explains  the 
changes  in  ricochet  angle  as  a function  of  the 
ratio  of  target  thickness  divided  by  the  aajor 
body  dianeter  (T/D)  and  the  ratio  of  body  length 
divided  by  the  aajor  body  disaster  (L/D).  The 
second  tern  relates  changes  in  ricochet  angle 
doe  to  projectile  strength  and  is  a function  of 
(L/D)  and  the  ratio  of  niniaun  wall  thickness  of 
the  projectile  to  its  aajor  body  disaster  (V/D). 
The  third  tera  related  the  changes  in  the  rico- 
ohet  angle  as  a function  of  velocity  squared. 
Terns  due  to  nose  shape  or  concrete  strength  are 
not  included  at  this  stage  of  developaent. 


PENETRATION  TESTING 

Bislmmad 

Penetration  calculations  conducted  by 
Osborn  using  hydrodynaaic  coaputer  codes 
(References  3 and  4)  had  resulted  in  a concrete 
loading  aodel  which  could  be  used  to  predict  the 
axial  stress  loading  on  the  note  of  steel  pro- 
jectiles penetrating  concreta  targets.  The 
aodel  was  applicable  for  noraal  iapacta  ia  the 
range  of  100  to  300  aetera/second  and  considered 
both  finite  and  aeai-iaf inite  targets.  The 
hydrocode  oaleulationa  indicated  that  the  steady 
state  axial  strata  on  the  nose  of  a blast  pro- 
jectile entering  a concreta  target,  wosld  be 
leaa  than  4.3  kilobars  (63,000  psi)  for  inpact 


37 


TABU  1.  TTPI  A TOT  KUWAIT 


TABU  2.  TIPB  B HBT  SUWAKT 


TABQET 

1IICKNBS8 

VELOCITY 

0BLIQU 

(INCUS) 

(FT/SEC) 

(DBQ1K 

30 

1147 

23 

30 

1030 

21.9 

30 

999 

33.7 

30 

713 

24.3 

30 

741 

20.4 

30 

740 

29.3 

12 

1139 

34.3 

12 

1003 

43.0 

12 

910 

32.9 

12 

721 

39.4 

12 

741 

34.4 

4 

734 

30.9 

4 

74S 

39.9 

4 

721 

41.9 

4 

1079 

74.3 

4 

111S 

44.4 

4 

loss 

40.3 

30 

970 

33.4 

12 

1113 

30.1 

30 

1097 

33  .S 
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NOTES: 

1-  K indicate*  a ricochet;  P indict 
penetration  or  reboaad. 

2 - Projtctilt  tn  yaeed  S di|tin  at  inp 


TABQET 

THICKNESS 

VELOCITY 

< INCHES) 

(FT/ SBC) 

12 

1113 

12 

1240 

12 

749 

12 

770 

4 

756 

4 

768 

4 

1186 

4 

1152 

30 

733 

30 

745 

30 

1094 

30 

1105 

(DEO SEES) 


(K  OK  P) 


NOTES: 

1 - K indicate*  a ricochet;  P indicate*  a 
penetration  or  raboand. 
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Figure  5.  Type  A Projectile  Ricochet  Data 
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Figure  6.  Type  B Projectile  Ricochet  Data 


velocities  of  last  thin  ISO  m/sec.  Slnca  pres- 
snra  transducers  nsad  for  ballistic  applications 
ara  capable  of  reading  pressures  as  high  as 
100.000  psi  <6.9  Ibsr)  it  appeared  that,  by 
including  a recording  package  in  a projectile 
and  installing  a snitable  pressure  transducer  in 
the  note,  it  would  be  possible  to  obtain  data 
which  would  confirm  the  basic  aspects  of  the 
tiodel  and  the  concrete  equation-of-state. 

Iamwtttutlvp 

The  transducer  selected  was  the  Model  109A 
■ anufactured  by  PCB  Piezotronics,  a type  ordi- 
narily used  to  aetsure  breech  pressures  in  bal- 
listic applications.  The  transducer  features  an 
internal  transistor  amplifier  and  is  designed  to 
withstand  pressures  as  high  as  100,000  psi, 
developing  a low  inpedance  output  signal.  The 
active  element  is  a piezoelectric  crystal  which 
is  strained  by  the  external  pressure  applied  to 
the  diaphragm.  The  tranaducer  requires  a con- 
stant current  source  for  driving  the  internal 
amplifier  and  the  output  is  then  coupled  to  the 
appropriate  recording  device  using  a blocking 
capacitor. 

The  recorder  used  for  the  test  was  furn- 
ished by  the  Fuzes  and  Sensors  Branch  of  the  Air 
Force  Armament  Laboratory  at  Eglin  Air  Force 
Base,  Florida.  Originally  developed  by  NBB 
(Messeraohmitt-Bolkow-Blohm,  GmbH),  the  device 
featured  a single  channel  input  with  a solid 
state  memory  to  record  digital  data.  The  maxi- 
mum aampliag  rate  was  one  word  per  21.9  micro- 
seconds and  the  use  of  a 7-bit  word  resulted  in 
an  amplitude  resolution  of  one  part  in  12S.  The 
reoorder  was  powered  by  a rechargeable  battery 
and  after  being  turned  on,  was  oapable  of  oper- 


sting  f ron  six  to  eight  hours  on  s single 
charge.  The  actual  writing  of  data  into  the 
recorder  nemory  was  initiated  by  an  input  signal 
fron  the  transducer.  Any  output  greater  than  5 
percent  of  the  full  scale  signal  was  sufficient 
to  turn  on  the  recorder  and  store  the  data 
generated.  The  recorder  had  been  previously 
used  in  other  projectile  test  prograns  using 
accelerometer  as  the  signal  source  and  the  data 
developed  was  judged  to  be  satisfactory. 

Testinx 

Figure  7 is  a schematic  depiction  of  the 
instrumentation  arrangement  as  installed  in  the 
projectile.  The  test  projeotile  was  derived 
fron  the  conical  nose  (Type  A)  projectile  used 
in  the  ricochet  test  program  with  modifications 
to  accommodate  the  tranaducer-reeorder  package. 
For  the  test,  the  projectile  was  launched  at  the 
center  of  a 4-inch  thick  vertical  slab  target 
which  was  one  of  those  constructed  for  the  rico- 
chet test  program.  The  target  had  a measured 
compressive  strength  of  5,542  psi.  The  projec- 
tile struck  the  target  at  a 90-degree  obliquity 
angle  and  with  no  measurable  yaw.  The  impact 
velocity  as  determined  from  the  two  high  speed 
cameras  was  360.6  and  360.5  ft/sec.  The  impact 
velocity  measured  by  the  velocity  screens  was 
362.4  ft/aec.  Because  of  the  debris  cloud  and 
obscuration,  the  exit  velocity  of  the  projectile 
was  only  available  from  one  earners  and  was 
determined  to  be  292  ft/aec.  The  projectile  was 
recovered  and  the  data  stored  was  retrieved  from 
the  reoorder. 
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Figure  7.  Sectional  View  of  Projectile  Design  Used  For  Dynamic 
Pressure  Measurements 


Remits 

Figures  8 and  9 show  the  data  which  was 
generated.  The  Figure  8 data  is  the  coaplete 
record  of  the  event  and  extends  to  tines  well 
after  the  projectile  had  exited  the  target. 
Since  the  transducer  was  a pressure  device,  the 
output  indicating  negative  pressures  was  obvi- 
ously erroneous.  The  large  negative  aignal  was 
believed  to  be  caused  by  failure  of  the  constant 
current  power  supply  to  the  transducer  which  was 
battery  operated  and  was  found  to  be  shock 
sensitive  after  the  test.  The  transducer  itself 
was  returned  to  the  aanufacturer  for  checking 
and  recalibration  and  no  failure  was  evident. 
Based  upon  the  transit  tine  of  the  initial  elas- 
tic wave  into  the  silicone  rubber  shock  attenua- 
tor which  enclosed  the  battery,  it  was  estimated 


that  the  earliest  possible  failure  time  was 
about  35  microseconds  after  impact.  Figure  9 is 
an  expanded  time  scale  of  the  early  stages  of 
the  impact  and  indicates  that  the  pressure  trace 
was  positive  for  about  the  first  150  micro- 
seconds before  going  slightly  negative  (-1,350 
pai).  Alto  shown  on  Figure  9 is  a pressure  time 
history  derived  from  a BOLL  hydrodynamic  code 
calculation  of  the  penetration  event.  Figure  10 
shows  the  oalculational  geometry.  The  pressure 
trace  of  Figure  9 shows  relatively  good  agree- 
ment with  the  early  portion  of  the  recorded 
data,  the  principal  difference  being  the  initial 
stress  peak  which  was  not  recorded  because  of 
the  low  sampling  rate  of  the  recorder.  The 
recorded  data  also  indicates  the  expected  pres- 
sure relief  in  the  transition  from  steady  state 
penetration  to  the  terminal  phase  in  the  region 
from  (0  to  90  microseconds.  Beyond  90 
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microiecondt,  th*  calculated  pnmru  are  da* 
to  th*  loading  oaa**d  by  fractured  oonor*t*  at 
it  it  forced  ahead  of  th*  projectile.  Th* 
reoorded  data  did  not  ahoa  thia  loading,  bat  th* 
failnr*  to  do  *o  vat  not  conpletely  nn*zp*ct*d 
aino*  th*  tranaducer  fac*  aaa  r*c**a*d  aboat 

0.060  inch  froai  th*  front  fac*  of  th*  projectile 
and  th*  opening  aaa  only  aboat  0.090  Inca  in 
diameter.  That,  concrete  or  aggregate  particl*a 
■aoh  larger  than  0.1  inch  could  haa*  *ff*otiaaly 
blocked  th*  tranaducer  opening  and  pr*a*nt*d  a 
aignal  fron  being  generated  at  th*  diaphragn. 


Siam 

The  program  deacribed  above  developed  rico- 
chet data  for  two  type*  of  projectilea  and  th* 
reaalta  (bowed  good  agreenent  with  an  empirical 
correlation  developed  fron  a larger  bnt  dif- 
ferent data  baaa.  A nethod  vat  developed  to 
record  th*  preaanr*  generated  on  the  not*  of  a 
projectile  during  concrete  penetration.  Vithin 
limitation*  of  th*  of f-the-ahelf  equipment  need, 
th*  data  ahowed  good  agreement  with  a hydro- 
dynamic  ood*  calculation  of  th*  event. 
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